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[57] ABSTRACT 

A remote tire pressure monitoring system includes a sending 
unit for each monitored tire, and the sending units transmit 
RF signals, each including an identifier ID(i) and a pressure 
indicator P(i). A receiver operates in a learn mode in which 
the receiver associates specific identifiers either with the 
vehicle or with specific tires. During the learn mode the 
vehicle is driven at a speed above a threshold speed, such as 
thirty miles an hour, and identifiers are associated with either 
the vehicle or the respective tires of the vehicle only if they 
persist for a selected number of signals or frames during the 
learning period. In one example, the tires are inflated with 
different pressures according to a predetermined pattern, and 
the pressure indicators of the receive signals are used to 
associate individual tire positions with the respective send- 
ing units. 

12 Claims, 10 Drawing Sheets 
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METHOD AND APPARATUS FOR 
IDENTIFYING REMOTE SENDING UNITS IN 
A VEHICLE 

BACKGROUND 5 

This invention relates to the programming of a central 
receiving unit to identify sending units such as radio - 
frequency tire pressure sending units associated with a 
vehicle. Q 

U.S. Pat. No. 5,600,301, assigned to the assignee of the 
present invention, discloses a tire pressure monitoring sys- 
tem that includes sending units associated with each tire of 
a vehicle and a central receiving unit. Each of the sending 
units includes a respective radio-frequency transmitter that 35 
transmits an RF signal including both an identifier code and 
an indicator of tire pressure. Additionally, each of the 
sending units includes a magnet sensor. When the receiving 
unit is placed in a learn mode, a magnet is used to activate 
each sending unit of the vehicle in a predetermined order. 2 o 
The receiver learns the identifiers associated with the respec- 
tive tires based upon the sequence of activation of the 
sending units. This approach has been found reliable in use, 
but it requires the user to have a suitable magnet for 
sequentially activating the sending units. 2 5 

U.S. Pat. No. 5,731,516 describes a receiver that identifies 
transmitters associated with a vehicle by first recording the 
identification codes received from the transmitters. After 
recording the identification codes, the receiver verifies that 
the identified transmitters are installed on the vehicle by 30 
insuring that tire data is also received from the previously- 
identified transmitters. 

One problem of the prior art is that physically adjacent 
vehicles may include sending units that transmit similar 
identification codes and pressure indicators on the same or 35 
a similar frequency. In this event the receiver can mistakenly 
record the identification code from an adjacent vehicle, 
instead of the desired identification code associated with the 
vehicle in which the receiver is mounted. 

40 

SUMMARY 

The present invention is directed to an improved method 
and apparatus for allowing a receiver automatically to 
identify sending units associated with the vehicle. 45 

This invention is defined by the following claims, and 
nothing in this section should be taken as a limitation on 
those claims. By way of introduction, the receiver described 
in the following detailed description automatically learns the 
identifiers associated with the sending units of the vehicle. 50 
In one method, radio- frequency signals transmitted by the 
sending units are received by the receiver, and the receiver 
stores information indicative of only selected identifiers that 
persist during a learning period while the vehicle is in 
motion. Because the vehicle is in motion, the chance that a 55 
neighboring vehicle will remain in the vicinity of the 
receiver-bearing vehicle during the learning period is sub- 
stantially reduced. 

In one embodiment described below, the tires of the 
vehicle are inflated with separate respective tire pressures 60 
which are chosen to fit a predetermined pattern. For 
example, the pressures proceeding clockwise from the front 
left tire can decrease in a monotonic fashion. Radio- 
frequency signals transmitted by the sending units are then 
received and the identifiers of respective sending units are 65 
associated with respective tires based on the associated 
pressure indicators. In this way, the receiver learns the 



2 

identifiers associated with specific wheels of the vehicle 
automatically, and the operator is not required to use mag- 
nets or other selection devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view of a remote tire pressure 
monitoring system that incorporates a preferred embodiment 
of this invention. 

FIG. 2 is a block diagram of one of the sending units of 
FIG. 1. 

FIG. 3 is a block diagram of one of the RF signals 
generated by the sending unit of FIG. 2. 

FIG. 4 is a block diagram of the receiving unit of FIG. 1. 

FIG. 5 is a block diagram of a memory array included in 
the signal processor of FIG. 4. 

FIG. 6 is a flow chart of a method implemented by the 
receiving unit of FIG. 4. 

FIG. 7 is a list of constants and variables of a digital 
computer program implemented by the signal processor of 
FIG. 4. 

FIGS. 8-15 are flow charts of a computer program 
implemented by the signal processor of FIG. 4. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

Turning now to the drawings, FIG. 1 shows a schematic 
view of a vehicle V that includes in this example four tires. 
The vehicle V includes a remote tire pressure monitoring 
system 10 that in this example includes four sending units 12 
and a receiving unit 14. Each of the sending units 12 
includes a battery-powered, radio-frequency transmitter that 
periodically transmits radio-frequency signals indicative of 
pressure in the associated tire. In this example, the tires are 
labeled T(l), T(2), T(3), T(4), and the associated tire pres- 
sures are identified as P(l), P(2), P(3), P(4). The receiving 
unit 14 receives radio frequency signals from the sending 
units 12 and provides a warning to the operator of the 
vehicle V when the indicated tire pressure of any of the tires 
is outside a predetermined range. 

This invention can be used with the widest variety of 
sending units 12 and receiving units 14, and for this reason 
these components will be described only briefly here. 

As best shown in FIG. 2, each of the sending units 12 can 
include a motion switch/sensor 15, pressure sensor 16 and a 
magnet sensor 18 that provide input signals to a signal 
processor 20. The signal processor generates output signals 
which are transmitted by an RF transmitter 22. A battery 24 
provides electrical power to the remaining components of 
the sending unit 12. 

In this example, the RF signal transmitted by the RF 
transmitter 22 can take the form shown in FIG. 3. As shown 
in FIG. 3, the RF signal 26 includes three components: an 
identifier 28, a pressure indicator 30, and a magnetic frame 
indicator 32. The identifier 28 in this embodiment includes 
a digital variable ID(i) that is set equal to an identification 
code assigned to the respective sending unit 12. Each of the 
sending units 12 of the vehicle V will therefore have a 
different identifier 28. The pressure indicator 30 provides an 
indication of tire pressure in the respective tire. Preferably, 
the pressure indicator 30 takes the form of a digital variable 
P(i) equal to a measure of tire pressure, though other 
techniques are possible. For example, the pressure indicator 
30 may take the form of a carrier frequency, wherein the 
carrier frequency is selected to indicate the associated tire 
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pressure. Alternately, the pressure indicator 30 in some vehicle of interest will not remain near the vehicle of interest 

embodiments can be threshold based rather than providing during the learning period. Furthermore, in step 58 specific 

an absolute measure of pressure. The magnet frame indicator selected identifiers are associated with specific tires based on 

30 can be a single bit variable M(i) that identifies the RF the respective pressure indicators. Since the tires were 

signal (sometimes referred to as a frame in this description) 5 inflated in a specified pressure sequence in step 52, the 

as either generated in response to a magnetic field sensed by pressure indicators received by the receiving unit provide an 

the magnet sensor 18, or not. accurate association between specific identifiers and the 

In this example, each of the sending units 12 transmits respective tires, 

eight RF signals or frames per block, and one block of FIGS. 7 through 15 provide further information for a 

frames is transmitted every minute while the vehicle is in 30 computer program for implementing the method of FIG. 6. 

motion. When a magnet is used to initiate operation of one FIG. 7 provides introductory information regarding con- 

of the sending units, the respective sending unit transmits slants and variables used by the program flow charted in 

forty frames within a short period of time. FIGS. 8 through 15. 

As shown in FIG. 4, the receiving unit 14 includes an RF As shown in FIG. 7, various constants 62 are used in the 

receiver 34 operative to receive the RF signals 26 described 15 program of FIGS. 8 through 15. The constants PMIN and 

above in conjunction with FIG. 3 and to supply the received PMAX define the minimum and maximum tire pressures 

RF signals to a signal processor 36. The signal processor 36 that are accepted as valid pressure readings, respectively, 

controls a display 40 and is responsive to a learn mode The constant MINFRAME defines the minimum number of 

switch 38 and data stored in a non-volatile memory 39. For frames or separate RF signals that are required from a 

example, the signal processor 36 can automatically provide 20 particular sending unit before that sending unit is considered 

a display if the received signals indicate tire pressure for one to have persisted through the learning period. The constant 

of the tires T(l) . . . T(4) outside of a predetermined range. MINTIME defines the minimum time (in minutes) that must 

The learn mode switch 38 is used to place the receiving unit elapse since the last frame from a sending unit before that 

14 in a learn mode, in which the receiving unit 14 auto- sending unit may be considered stale and removed from the 

matically associates the identifiers of each of the sending 25 buffer as described below. The constant DELTA defines the 

units 12 associated with the vehicle V with the respective maximum pressure differential between two consecutive 

tires. As used herein, the term "tire" is intended broadly and frames of data from a single sending unit that will be 

in some cases is used to signify a tire position (e.g. the front accepted. The constant MAX defines the size of the buffer 

left tire) as compared to a specific tire. used to store sending unit information. 

During the learn mode the signal processor automatically The program of FIGS. 8 through 15 utilizes four main 

loads the identifiers ID(1)-ID(4) into respective rows of a variables 64 as shown in FIG. 7. The variable LearnArray is 

memory block 42 as shown in FIG. 5. Once the memory a buffer that stores a list of records, each record storing data 

block 42 is automatically loaded, the memory block 42 from received RF signals having a respective identifier. The 

records the association between individual tires T(l)-T(4) 35 LearnArray buffer is referred to as a list on occasion in this 

and the corresponding identifiers ID(1)-ID(4). The memory description. As shown in FIG. 7, each record 66 in the 

block 42 can then be used by the signal processor 36 to LearnArray buffer includes five separate variables 68. The 

determine which received RF signals are associated with the variable RecTime is set equal to the time (in minutes) since 

vehicle (as opposed to other, physically adjacent vehicles) the last frame was received from the associated sending unit, 

and the tire or tire position associated with each received 4Q The variable RecFrame is set equal to the total number of 

signal that is associated with the vehicle. frames received from the associated sending unit during the 

— FIG. 6 provides a high level flow diagram of a method learning period, 

implemented by the receiving unit 14 in the learn mode. As The variable Recld is set equal to the identifier of the 

shown in FIG. 6, the receiving unit is placed in a learn mode associated sending unit. The variable RecMagnetFrame is 

in step 50 in response to activation of the learn mode switch 45 set equal to the total number of magnet frames received from 

38 of FIG. 6. Either before or after activating the learn mode the associated sending unit, and the variable RecPressure is 

switch, the user inflates the four tires of the vehicle T(l)-T set equal to the last pressure indicator received from the 

(N) to pressures P(1)-P(N), where P(1)<P(2)< . . . <P(N- associated sending unit. 

1)<P(N), as indicated in step 52. Then the user drives the The timer routine of FIG. 8 including steps 70, 72, 74, 76, 

vehicle at a speed greater than a selected speed (such as 15 50 ^ go, 82, 84, is executed once per minute, and it operates 

miles an hour) for at least three minutes in step 54. During t0 increment the variable RecTime for each record in the 

this period of time the receiving unit receives radio fre- LearnArray buffer. After this has been done, the garbage 

quency signals S(i) from the sending units in step 56, where routine Q f pi G . l() j s executed. This routine in steps 86, 88, 

each RF signal S(i) includes an identifier ID(i), a pressure 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 

indicator P(i), and a magnet frame indicator M(i), as 55 removes records from the LearnArray in certain circum- 

described above. In step 58 the receiving unit then associates stances. In particular, the garbage routine evaluates the 

selected identifiers ID(i) that persist during the learning variables RecTime and RecFrame for each of the records in 

period while the vehicle is in motion with specific tires T(j), me LearnArray. In the event that (1) at least one of the 

based on the respective pressures P(i). This completes the records in the LearnArray has a RecTime greater than three 

x^learn procedure. 60 (indicating that no frame has been received from the asso- 

It should be noted that because step 58 only associates ciated sending unit in three minutes) and (2) that record has 

identifiers that persist during the learning period, there is a a value of RecFrame<20 (indicating that the associated 

reduced chance that sending units of other, physically adja- sending unit has not transmitted sufficient RF signals and the 

cent vehicles will be confused with the sending units of the record is incomplete), then (3) the garbage routine discards 

vehicle of interest. This is because the vehicle of interest is 65 the incomplete record in the LearnArray having the largest 

moving at a speed greater than the selected speed, and value of RecTime, or one of the incomplete records in 

therefore a parked vehicle which was initially near the LearnArray associated with the largest value of RecTime 
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and the fewest number of frames (as indicated by the routine then finds the next record of the LearnArray having 

variable RecFrame). In this way stale records are removed RecFrame greater than MINFRAME, step 190, and associ- 

from the LearnArray. ates this record of the LearnArray with RIGHT FRONT ID, 

Every time a new RF signal or frame is received, the step 194. Thus, the next-to-lowest pressure received from a 

frame routine of FIG. 9 steps 114, 116, 118, 120, is called. 5 sending unit sending at least MINFRAME number of frames 

This routine compares the pressure indicator of the associ- within the learning period is associated with the right front 

ated frame with PMIN and PMAX (steps 116, 118), and only tire position. This continues until all four tires have been 

allows further processing if either the magnet frame indica- associated with the identifiers of the respective sending 

tor is set (step 114) or the pressure indicator indicates a units, step 196, 198, 200, 202, 204, 206. 

pressure between PMIN and PMAX. If so, control is trans- 10 Once all four tires have been associated with a respective 

ferred (step 120) to the update routine of FIG. 13 (steps 124, identifier, the complete routine terminates the learn mode. 

126). This routine checks to determine if the identifier of the Of course, many changes and modifications can be made 

associated frame is already stored in the LearnArray, step to the preferred embodiment described above. For example, 

126. If so, the associated record of the LearnArray is in embodiments where the receiving unit 14 does not 

updated, step 142. Otherwise, a new entry is added to the 15 identify which tire is outside of the desired pressure range to 

LearnArray, step 128. The final loop of the update routine of the user > the associating step 58 of FIG. 6 can be revised 

FIG. 13 is executed only if the LearnArray is foil, step 132. ™<*} | hat * lected ^ntifiers ID(i) are associated with the 

In this case, the final loop of the update routine removes a vehicle m * e event those identifiers are received repeated y 

record of the LearnArray having the variable RecFrame durm & he P e ™ d Ther f e h * no need in this case to 

. t rc , A • *\ i me it, k i associate selected identifiers with tires based on respective 

equal to one (if such a record u> present), step 136 thereby 20 ks ^ ^ systeffl may additjonaUy „„. 

keeping only the new record. ventional modes of operation in which a magnet is used to 

The amend and new record routines called by FIG. 13 are consecutively activate the sending units of a vehicle in a 

flow charted in FIGS. 14, steps 148, 150 and 15 steps 152, manual learn mode. 

154, 156. The new record routine of FIG. 14 stores the As used herein the term "identifier" is intended broadly to 

identifier D(i) from the most recently received RF signal in 25 encompass any asp6Ct of a received signal that can mdicate 

the variable Recid of the associated record of the LearnAr- , he sourc6 of (he signa , M explained above> m iden tin er 

ray and resets the variables RecTime, RecFrame and Rec- can rise a di ital ^ sucn as a bi code or a 

MagnetFrame for this record, step 148. The amend routine fr such as a carrier fre q Uen cy. 

of FIG. 15 increments the variable RecFrame of the asso- ^ (erm , <indicative of e „ is intended broadl t0 

ciated record of the LearnArray (to indicate that another 30 encompass signals lhat vary progr6SS ively with pressure 

frame of the associated sending unit has been received), , , . r °. t . i r i i- 1 \ 

_. j j-% n , . +u (whether directly or inversely, linearly or non-linearly) or 

resets RecTime to zero and sets RecPressure equal to the ;, , . J . , . J e i- a ~u c 

. j * «/.v ex. . .1 j r> r 1 threshholded signals having one of a limited number of 

pressure indicator P(i) of the most recently received RF , . . a ^ t uL a^^a 

• , .+ rn • i_t ■» m .-p. . . . t states in accordance with the detected pressure, 

signal, step 152. The variable MagnetFrame is incremented, _ . „ . . , , , „ 

step 156 only if the magnet frame indicator M(i) isset in the 35 ^ term f 50 ™' 6 } s ^n^d broadly to encompass 

associated frame, step 154. JJ ^l^™^* " * 

Returning to FIG. 9, after the update routine is called, the respective ve ic e or tire. ... 

frame routine, steps 160, 162, 164, 166, 168, 170, 172, 174, u . ™ e term extreme » mlended ^ encompass either the 

176, 178, 180, calls the complete routine of FIG. 11. The highest or lowest value in a sequence . An extreme value may 

complete routine sets the variable Total equal to the number 40 be hmi * d t0 the hlgh u CSt ° r u loWeSt ^ that ^ Wlthm ™ 

of entries of the LearnArray having the variable RecFrame acceptable .range, such as the range of pressures between the 

greater than MINFRAME, steps 162, 164. Additionally, the vanables PMIN and PMAX in the ^^going example, 

variable DIndex is set equal to the number of entries of the ^ term " tu * e " 15 inle r nded broadl y t0 encompass tire 

LearnArray having the variable RecMagnetFrame greater P osltlon > such as the Ieft front tire of the vehicle - 

than one-half of MINFRAME, steps 166, 168 . Then the 45 Though the foregoing example has been stated in terms of 

variable Total is compared to four step 174. If Total is less a vehicle having four tires, it should be recognized that the 

than four, the LearnArray does not yet contain four entries embodiments described above can readily be adapted for use 

having an adequate number of frames. If TOTAL is equal to witn vehicles having either more or fewer tires, 

or greater than four, the complete routine of FIG. 11 then The foregoing detailed description has described only a 

compares Dindex to four step 176. If DIndex equals four, 50 few of the many forms that this invention can take. For this 

indicating that the four entries of the LearnArray all corre- reason, this detailed description is intended only by way of 

spond to sending units transmitting magnet frames, then the illustration. It is only the following claims, including all 

extract routine of FIG. 12 is called, step 180. If not, the equivalents, that are intended to define the scope of this 

complete routine of FIG. 11 calls a sort routine that sorts the invention. 

LearnArray by RecPressure, with the lowest pressure posi- 55 We claim: 

tioned in the first record of the LearnArray, the second 1. A method for identifying a set of radio-frequency 

lowest pressure positioned in the second record of the sending units, wherein each unit associated with a respective 

LearnArray and so forth, step 178. The extract routine of tire of a vehicle, said method comprising the following 

FIG. 12 is then called. steps: 

As shown in FIG. 12, the extract routine, steps 182, 184, 60 a) receiving radio-frequency signals transmitted by the 

186, 188, 190, 192, 194, 196, 198, 200, 202, 204, 206, finds sending units to a receiving means, each radio fre- 

the first record of the LearnArray having RecFrame greater quency signal comprising an identifier associated with 

than MINFRAME, step 184 and sets this first record equal the respective sending unit; and 

to LEFT FRONT ID, step 188. In this way, the identifier b) storing information indicative of respective identifiers 

associated with the sending unit sending the required num- 65 that persist during a learning period while the vehicle is 

ber of frames and indicative of the lowest pressure is in motion, with respective tires based on the respective 

associated with the left front tire position T(l). The extract tire pressure. 
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2. The method of claim 1 wherein each identifier com- 
prises a respective digitally-coded signal. 

3. The method of claim 1 wherein said step (b) comprises 
the step of storing information indicative of those identifiers 
that are received repeatedly over a persistence period greater 
than one minute while the vehicle is in motion. 

4. The method of claim 1 wherein the radio frequency 
signals transmitted by the sending units comprise tire pres- 
sure indicators. 

5. A method for Identifying and locating a set of remote 
tire pressure sending units during a learning period, each 
sending unit associated with a respective tire of a vehicle, 
said method comprising the following steps: 

(a) inflating a set of tires comprising tires T(l) . . . T(N) 
with separate respective tire pressures P(l) . . . P(N)> 
wherein each respective tire pressure is less than a next 
respective tire pressure P(l)< . . . <P(N)i 

(b) receiving signals transmitted by the sending units, 
each signal comprising an identifier associated with the 
respective sending unit and a pressure indicator indica- 
tive of a respective sensed pressure; 

(c) associating with respective tires information indicative 
of the identifiers in accordance with the respective 
indicators. 

6. The method of claim 5 wherein N«4; wherein the set of 
tires comprises tires T(l), T(2), T(3), T(4); wherein the tire 
pressures comprise pressures P(l), P(2), P(3), P(4); and 
wherein each tire pressure is less than a next tire pressure, 
P(1)<P(2)<P(3)<P(4). 

7. The method of claim 5 wherein step (c) comprises the 
step of associating with tire T(l) information indicative of 
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the identifier associated with the pressure indicator indica- 
tive of the lowest tire pressure. 

8. The method of claim 5 wherein step (c) further com- 
prises the step of associating with tire T(n) information 
indicative of the identifier associated with the pressure 
indicator indicative of the a th lowest tire pressure. 

9. The method of claim 5 wherein the signals are radio 
frequency signals. 

10. An apparatus for identifying and locating a set of 
remote tire pressure sending units, each associated with a 
respective tire of a vehicle, said apparatus comprising: 

means for receiving signals transmitted by the sending 
units to a receiving means, each signal comprising an 
identifier associated with the respective sending unit 
and a pressure indicator indicative of a respective 
sensed pressure; 

means for associating respective tires with information 
indicative of respective identifiers, based on respective 
pressure indicators during a learning period. 

11. The invention of claim 10 wherein the associating 
means comprises means for associating with tire T(l) infor- 
mation indicative of the identifier associated with the pres- 
sure indicator indicative of the lowest tire pressure. 

12. The invention of claim 10 where the associating 
means comprising means for associating with tire T(n) 
information indicative of the identifier associated with the 
pressure indicator indicative of the nth lowest tire pressure. 
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